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Background: Development of vaccines with high efficacy against COVID-19 disease has ush-
ered a new ray of hope in the fight against the pandemic. Thromboembolic events have been
reported after administration of vaccines. We aim to systematically review thromboembolic
events reported after COVID-19 vaccination.

Methods: The available literature was systematically screened for available data on thrombo-
embolic events after COVID-19 vaccination. Data were extracted from selected studies and
analyzed for site of thromboembolism as well as other risk factors. All data were pooled to deter-
mine cumulative incidence of thromboembolism at various sites after vaccination.

Results: A total of 20 studies were selected for the final analysis. The mean age of the popu-
lation was 48.5 + 15.4 years (females - 67.4%). The mean time to event after vaccination was
10.8 + 7.2 days. Venous thrombosis (74.8%, n = 214/286) was more common than arterial
thrombosis (27.9%, n = 80/286). Cerebral sinus thrombosis was the most common manifesta-
tion (28.3%, n = 81/286) of venous thrombosis followed by deep vein thrombosis (19.2%,
n = 49/254). Myocardial infarction was common (20.1%, n = 55/274) in patients with arterial
thrombosis followed by ischemic stroke (8.02%, n = 22/274). Concurrent thrombosis at multiple
sites was noted in 15.4% patients. Majority of patients had thrombocytopenia (49%) and anti-
platelet factor 4 antibodies (78.6%). Thromboembolic events were mostly reported after the
AstraZeneca vaccine (93.7%). Cerebral sinus thrombosis was the most common among throm-
boembolic events reported after the AstraZeneca vaccine. Among the reported cases, mortality
was noted in 29.9% patients.

Conclusions: Thromboembolic events can occur after COVID-19 vaccination, most commonly
after the AstraZeneca vaccine. Cerebral sinus thrombosis is the most common manifestation
noted in vaccinated individuals.

INTRODUCTION

The ongoing COVID-19 disease is a multisystem dis-
order which mainly affects the lungs, with the po-
tential of causing permanent damage in the organs
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involved." Pulmonary involvement ranges from
mild pneumonia to acute respiratory distress syn-
drome and respiratory failure. Cardiac involvement
is also common with a wide variety of manifesta-
tions, ranging from acute coronary syndrome to
heart failure.” COVID-19 disease produces a proin-
flammatory and prothrombotic environment which
can precipitate both arterial and venous thrombosis.
Pulmonary thromboembolism is one of the most
common types of thrombosis encountered in
COVID-19 infection.’
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Vaccine platform Vaccine Developer Efficacy Dosing pattern Storage

mRNA BNT162b2 Pfizer/BioNTech 95% IM, 2 doses -70°C
3 weeks apart

mRNA mRNA-1273 Moderna 94.1% IM, 2 doses -20°C
4 weeks apart

Nonreplicating  AZD1222 Astra-Zeneca 70.4% IM, 2 doses 2-8°C

viral vector 12 weeks apart

Nonreplicating  JNJ-78436735 Johnson & 66% IM, 1 dose 2-8°C

viral vector Johnson

Nonreplicating ~ Sputnik V Gamaleya 91.6% IM, 2 doses 2-8°C

viral vector Research institute 3 weeks apart

Inactivated CoronaVac Sinovac 50.7% IM, 2 doses 2-8°C
2 weeks apart

Inactivated BBIBP-CorV Sinopharm 79.3% IM, 2 doses 2-8°C
3 weeks apart

Inactivated BBV152 Bharat Biotech 77.8% IM, 2 doses 2-8°C
4 weeks apart

Protein subunit  NVX-CoV2373 Novavax 89.7% IM, 2 weeks 2-8°C
3 weeks apart

Fig. 1. Different types of vaccines currently approved for use against COVID-19 disease.

A number of vaccines have been developed by
scientists worldwide, in record time, to provide
immunity against severe COVID-19 disease.
Different vaccines with varied technologies are
available presently for use (Fig. 1). Each vaccine
has a different mechanism of inducing immunity
depending on their components. Majority of
adverse events reported after vaccine administra-
tion have been minor, ranging from injection site
pain to fever. A systematic review of adverse
events reported after COVID-19 vaccination
revealed that majority of patients had minor side
effects like injection site pain, redness, and
swelling.” With time, various reports of patients
developing thromboembolic events after receiving
COVID-19 vaccination have been published. This
was commonly seen with the AstraZeneca ChA-
dOx1 n Cov-19 vaccine. Concerns were raised
regarding the risks associated with vaccine admin-
istration. Upon the analysis of available data, the
reported rates of venous and arterial thromboem-
bolism were 0.075 and 0.13 cases per 1 million
people on vaccinated days, which was lower
than the average thromboembolism risk in the
general population.” Although the reports of
thromboembolic events after COVID-19 vaccina-
tion are scattered in literature, there is no up-to-
date comprehensive compilation of the data avail-
able in the literature. This systematic review, the
first on this topic, was performed to collate the
available information regarding all the thrombotic

events reported after COVID-19 vaccination,
available in the literature till date.

METHODS
Search Strategy

The search strategy was developed according to the
guidelines laid down by the Preferred Reporting
Items for Systematic Review and Meta-Analysis.
The study was registered with Prospective Register
of Systematic Reviews. We performed an extensive
electronic search of 4 databases: PubMed, Embase,
Google Scholar, and World Health Organization li-
brary, using these keywords: ‘“Covid-19,” ““Covid,”
““coronavirus,” ““2019-nCoV,” “nCoV-2,” ““SARS-
Cov-2,” “vaccination,”” ““vaccine,” ““thromboembo-
lism,” ““thrombosis,” and ‘“‘embolism” using the
Boolean operators ““OR” and ““AND” on June 06,
2021. The reference lists of the initially selected
studies were screened for additional sources. All
duplicate studies in the search were removed.

a7

Study Selection

The inclusion criteria for research selected in this re-
view were all reports of thromboembolic events re-
ported after COVID-19 vaccination in the general
population. Additional criteria were that the
research was published in English and the entire pa-
tient data were fully extractable. Pictorial reviews,
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systematic reviews, and meta-analysis were not
included in the study. The selected studies were
independently reviewed by 2 authors (AM and
VO) based on the abovementioned inclusion
criteria. Disagreements were resolved by consensus
and, if required, in consultation with a third
reviewer. The quality of the selected studies was
assessed on the basis of the National Institutes of
Health quality assessment tool for case series studies
by 2 independent reviewers.”

Data Extraction

The complete data from the selected studies were
extracted and reviewed again as per the eligibility
criteria. Subsequently, the final list of studies was
arrived at. The data from the selected studies were
extracted by 2 independent reviewers into a Micro-
soft Excel datasheet. As we only extracted data on
reported thromboembolic events after COVID-19
vaccination, the exact prevalence of thromboem-
bolic events in the general population cannot be
determined from our study. Data extracted were
grouped under multiple headings like year and
country of publication, demographics, type of the
COVID-19 vaccine administered, days after vaccina-
tion, and number of thrombotic events noted.
Various subfields were used to classify the throm-
bosis data and relevant laboratory investigations in
the form of site of thrombosis (arterial/venous),
thrombosis at multiple sites, predisposing factors
for thrombosis, presence of antiplatelet factor (PF)
4 antibodies, and D-dimer and fibrinogen levels.
Any discrepancies were resolved by consensus.

Statistical Analysis

Analysis of the data was done using SPSS, version 25
(IBM, Armonk, NY). The data were tested for
normality using the Kolmogorov—Smirnov test.
Continuous data with a normal distribution were
presented as mean + standard deviation, whereas
nonparametric data were presented as median
(interquartile range). Categorical data were pre-
sented as proportions. Due to heterogeneity of the
data, we primarily aimed to perform a narrative syn-
thesis of findings (synthesis without meta-analysis).

RESULTS

On primary keyword search, a total of 434 studies
were identified. A total of 20 studies fulfilling the in-
clusion criteria were selected for final analysis, which
included 286 patients in whom thromboembolic
complications were reported after vaccination
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(Fig. 2). All the studies were retrospective in nature,
the majority being case reports or case series pub-
lished in 2021 (Supplementary Table 1). Among the
20 studies, 6 were from Germany,” '” 4 from the
United States,'” ' 2 each from Italy,' '® the United
Kingdom,'”*and Denmark,”'** and one each from
France,”” Norway,”" Ireland,”” and European Union
countries.”® The mean age of the study population
was 48.5 + 15.4 years. Females constituted 67.4% of
the study group. In total, 13 % of patients had risk fac-
tors for development of thrombosis, whereas 1.1%
patients had a past history of venous/arterial throm-
bosis (Table I). Two patients among the entire study
cohort were known to have thrombophilia. Majority
of the patients received the AstraZeneca vaccine
(93.7%) followed by Johnson & Johnson (5.6%)
and Pfizer (0.7%). The mean time of thrombotic
events from the day of vaccination was
10.8 + 7.2 days.

Venous thrombosis was more common in the
study cohort than arterial thrombosis (74.8% vs.
27.9%). Among the patients with arterial throm-
bosis, myocardial infarction was the most common
presentation (20.1%). Ischemic stroke (8.02%)
and peripheral arterial thrombosis (1.4%) were
less common in the study group (Table II). Cerebral
venous sinus thrombosis (CST) was the most com-
mon manifestation (28.3%) of venous thrombosis
in patients after COVID-19 vaccination followed
by deep vein thrombosis (19.2%). Pulmonary
thromboembolism and splanchnic venous throm-
bosis were also noted in 15.7% and 13.6% patients,
respectively. Patients with splanchnic venous
thrombosis were noted to have portal vein and
mesenteric vein thrombosis. Among the studies
published, Pottegard et al. reported the highest
number of thrombotic events (n = 142), among
which myocardial infarction was the most common
manifestation (n = 52) followed by deep venous
thrombosis (n = 22) (Supplementary Table 2).
Thrombosis at other sites (not defined) was noted
in 17% of patients. Among this group, one patient
presented with complaints of conjunctival conges-
tion, retro-orbital pain, and diplopia, 10 days after
receiving the first dose of the COVID-19 vaccine.
On evaluation, the patient was noted to have bilat-
eral superior ophthalmic vein thrombosis.'”
Another patient developed sudden onset chest
pain 30 min after vaccination with electrocardio-
graphic changes suggestive of inferior wall myocar-
dial infarction. Coronary angiogram revealed
thrombotic occlusions of the distal part of major cor-
onary arteries.'” Concurrent thrombosis at more
than one site was noted in 15.4% of the study group.
Among the patients presenting with
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Fig. 2. PRISMA flowchart for selected studies. PRISMA, preferred reporting items for systematic review and meta-

analysis

thromboembolism after vaccination, 49% were
noted to have thrombocytopenia. A vast majority
of patients (78.6%) were found to have antibodies
against PF4. Nine studies provided data on D-dimer
and fibrinogen levels in patients presenting with
thromboembolism (Table II). D-dimer levels were
significantly elevated with a mean value of
36.8 + 31.1 mg/L. Fibrinogen levels were also found
to be low constantly in these patients, with a mean
nadir of 1.5 + 0.28 g/L.

Thromboembolic events were most commonly
(93.7%) reported after the AstraZeneca ChAdOx1
n Cov-19 vaccine (Table III). Among the site of
thrombosis, cerebral venous sinus was the most
common site (25.3%) followed by the coronary
tree (20.1%). Pulmonary thromboembolism and
deep venous thrombosis were noted in 14.9%
and 16.4%, respectively, after receiving the Astra-
Zeneca vaccine. The least number of thromboem-
bolic events (n = 3) was reported after Pfizer
vaccine administration, with one patient each pre-
senting with myocardial infarction, pulmonary
thromboembolism, and CST. One patient pre-
sented with bilateral superior ophthalmic vein
thrombosis after receiving the AstraZeneca

ChAdOx1 n Cov-19 vaccine, a very uncommon
manifestation.

Patients who presented with thromboembolism
after vaccination were commonly treated with
unfractionated heparin/low-molecular-weight hep-
arin (UFH/LMWH) (52.6%). A proportion of pa-
tients  (40.6%) also received nonheparin
anticoagulants like argatroban and fondaparinux.
Oral or intravenous steroid was administered in
41.9% of patients, whereas intravenous immuno-
globulin was used in 44.4% (Table I). Among the
patients presenting with thromboembolism, mortal-
ity was noted in 29.9%, with all deaths occurring
during the hospital stay.

DISCUSSION

The current systematic review aims to evaluate the
thromboembolic events reported after COVID-19
vaccination, first of its kind. The reported cases of
postvaccination thromboembolism mainly
comprised of young patients (mean age =
48.5 years) with a female predominance. The large
World Health Organization (WHO) vigilance
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Table I. Baseline demographics of the patients who had thrombotic events after COVID-19 vaccination

Number of studies included

Pooled incidence as per total

Characteristics (n = 20) no of thrombotic events (n = 286)
Age, years 19 48.5 + 15.4
Females 16 87/129 (67.4)
History of prior thrombosis 17 1/89 (1.1)
Risk factors for thrombosis(OCP use/HRT) 18 16/116 (13.8)
Known thrombophilia 20 2/286 (0.6)
COVID vaccine received
AstraZeneca 16 268/286 (93.7)
Johnson & Johnson 3 16/286 (5.6)
Pfizer 2 2/286 (0.7)
Time of event after vaccination, days 18 10.8 £ 7.2
Treatment
UFH/LMWH 7 20/38 (52.6)
Nonheparin anticoagulants® 5 13/32 (40.6)
Steroids 5 13/31 (41.9)
IVIg 6 16/36 (44.4)
Death 19 43/144 (29.9)

Age and time of event after vaccination are expressed in mean + SD. Rest all values are expressed in percentages.

HRT, hormone replacement therapy; OCP, oral contraceptive pill.

“Nonheparin anticoagulants include fondaparinux and argatroban.

database on adverse events after COVID-19 vaccina-
tion also showed a female preponderance.’ All pa-
tients had received the first dose of a COVID-19
vaccine, whereas some had received both the doses.
Majority of patients did not have any prior history of
thromboembolism or any risk factors for throm-
bosis. AstraZeneca ChAdOx1 n Cov-19 was the
most commonly administered vaccine. Patients pre-
sented early after vaccination with thromboembolic
events (mean = 10.8 days).

Venous thrombosis was more commonly seen af-
ter vaccination than arterial thrombosis. Among the
venous thrombosis group, CST was the most com-
mon presentation followed by deep venous throm-
bosis. This was in contrast to the findings noted in
the WHO VigiBase (global database for individual
case safety reports),” where pulmonary thrombo-
embolism (18%) and deep venous thrombosis
(17.7%) were the common manifestation in the
venous thrombosis group. The incidence of CST
was 0.9% in VigiBase, which is extremely low.
This was in contrast to the high incidence of CST
noted in the current study. A small proportion of pa-
tients (13.6%) were also noted to have splanchnic
venous thrombosis in our study, a group which
was not clearly defined in VigiBase. Myocardial
infarction was the most common manifestation in
the arterial thrombosis group in our study, followed
by ischemic stroke. On the contrary, ischemic stroke
was more common (34.3%) than myocardial infarc-
tion (12.7%) in WHO VigiBase.” It must be kept in

mind that myocardial infarction in these patients
can be a result of de novo coronary thrombus or a
pre-existing vulnerable plaque rupture secondary
to a sympathetic stress response to the vaccine.
However, it is difficult to identify the exact mecha-
nism, and the data regarding the same have not
been provided in most of the studies. A small pro-
portion of patients were noted to have peripheral ar-
tery thrombosis in our study, who presented with
features of acute limb ischemia. Two patients had
thrombotic thrombocytopenia without evidence of
thrombosis in any major vascular bed. Concurrent
thrombosis at more than one site was seen in about
one-sixth of our study population, indicating the
presence of a systemic hypercoagulable state.
Concomitant thrombosis rates were much lower in
VigiBase, with 2.4% patients reporting multisite
thrombosis.

Both arterial and venous thrombotic events were
most commonly seen after administration of the
AstraZeneca ChAdOx1 n Cov-19 vaccine, while a
least number of thrombotic events were noted after
the administration of the Pfizer vaccine. In VigiBase,
the AstraZeneca vaccine was noted to have highest
venous thrombotic events, whereas arterial throm-
botic events were significantly higher after Pfizer
vaccine administration, stroke being the most com-
mon. Cerebral venous thrombosis was the most
common presentation after AstraZeneca vaccine
administration followed by myocardial infarction
in the current study. However, in VigiBase, the
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Table II. Incidence of arterial and venous thrombosis noted in patients after COVID-19 vaccination

Number of studies included

Pooled incidence as per total
number of thromboembolic events

Thrombotic events (n = 20) after vaccination (n = 286)
Arterial thrombosis
Myocardial infarction 19 55/274 (20.1)
Ischemic stroke 19 22/274 (8.02)
Peripheral artery thrombosis 16 3/220 (1.4)
Venous thrombosis
Pulmonary thromboembolism 20 45/286 (15.7)
Deep venous thrombosis 18 49/254 (19.2)
Cerebral sinus thrombosis 20 81/286 (28.3)
Splanchnic vein thrombosis® 20 39/286 (13.6)
Other site thrombosis” 17 42/247 (17)
Multiple site thrombosis 17 39/253 (15.4)
Thrombocytopenia 18 126/257 (49)
Anti-PF4 antibodies 15 81/103 (78.6)
D-Dimer, mg/L 9 36.8 = 31.1
Fibrinogen nadir, g/L 9 1.5+ 0.28

All data are expressed as percentages except D-dimer and fibrinogen, which are expressed as mean + SD.
aSplanchnic vein thrombosis includes portal vein and mesenteric vein thrombosis.

®One patient had thrombosis of the superior orbital vein.

Table III. Incidence of arterial and venous thrombosis at different locations in patients receiving COVID-

19 vaccines

Thrombotic events AstraZeneca (n = 268) J&J (n=16) Pfizer (n = 2)
Arterial thrombosis
Myocardial infarction 54 0 1
Ischemic stroke 20 0 0
Peripheral artery thrombosis 2 1 0
Venous thrombosis
Pulmonary thromboembolism 40 4 1
Deep venous thrombosis 44 5 0
Cerebral sinus thrombosis 68 12 1
Splanchnic vein thrombosis® 36 2 0
Other site thrombosis” 42 0 0
Multiple site thrombosis 31 8 1
Thrombocytopenia 110 16 1
Anti-PF4 antibodies 69 12 NA

AstraZeneca, Oxford-AstraZeneca vaccine; J & J, Johnson and Johnson vaccine; Pfizer, Pfizer mRNA vaccine.
?Splanchnic vein thrombosis includes portal vein and mesenteric vein thrombosis.

®One patient had thrombosis of the superior orbital vein.

AstraZeneca vaccine was most commonly associated
with stroke and pulmonary embolism. This differ-
ence could arise due to the variability in reporting
of cases and determination of causal association be-
tween vaccination and thromboembolic events.
Pfizer vaccine administration was associated with a
high proportion of stroke (about half of all arterial
thrombotic events). This was in contrast to our
study, where no stroke events were noted after
Pfizer vaccine administration. Multisite thrombosis
was also more with the AstraZeneca vaccine in our

study, whereas the Moderna vaccine showed high-
est concomitant thrombosis rates (2.4%) in Vigi-
Base. Time to thrombotic events was similar
among all vaccines reported in VigiBase and was
lower than the time period noted in our study (me-
dian = 3.5 days vs. median = 9.6 days).

A significant proportion of patients presenting
with thrombosis were also noted to have thrombo-
cytopenia. These patients were also noted to have
elevated D-dimer and reduced fibrinogen levels.
Multiple hypotheses have been proposed explaining
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the association of thromboembolic events and
thrombocytopenia after vaccination. The incidence
of thromboembolic events along with thrombocyto-
penia and elevated D-dimer closely resembles the
clinical presentation of heparin-induced thrombo-
cytopenia (HIT). HIT is mediated by generation of
pathogenic antibodies against the heparin—PF4
complex, which releases more PF4 from platelets
and produces a hypercoagulable state.”” Majority
of patients who had thromboembolism after vacci-
nation had anti-PF4 antibodies. As majority of
events were noted after AstraZeneca vaccine admin-
istration, some pathogenic link exists between vac-
cine components and generation of anti-PF4
antibodies. The AstraZeneca vaccine is known to
contain the adenovirus as the vector. It has been
proposed that negatively charged adenoviral parti-
cles can bind to positively charged PF4, leading to
formation of an immunogenic complex (similar to
the heparin—PF4 complex) causing further platelet
activation and widespread thrombosis.”® This has
been termed as vaccine-induced thrombotic throm-
bocytopenia (VITT). Free adenoviral DNA particles,
which may be present in the vaccine, can also pre-
cipitate VITT as nucleic acids can form a complex
with PF4.”” There is potential for direct interaction
between adenoviral particles and platelets, using
the coxsackie and adenovirus receptor.’’ Binding
of adenoviral particles to platelets can lead to
platelet activation and release of PF4, which can
activate the coagulation cascade leading to throm-
bosis.”'*>?  Cross-reactivity between antibodies
against Sars-Cov-2 spike protein, generated after
vaccination, and PF4 is also hypothesized as the po-
tential mechanism for thrombocytopenia and
thrombotic events.”” The type of spike protein
encoded varies among the mRNA vaccine (Pfizer
and Moderna), Ad26.COV2 vector vaccine (John-
son & Johnson), and AZD1222 vaccine (AstraZe-
neca).”*”” This may be the reason for variability in
thrombotic events noted after different vaccines.
Antiadenoviral antibodies are generated after
administration of the AZD1222 vaccine.’® These an-
tibodies may cross-react with platelets and cause
VITT. However, further studies are required to prove
this hypothesis.

Prompt recognition of the COVID-19 vaccine as
the causal agent of thromboembolism is warranted.
Patients presenting with thrombosis, thrombocyto-
penia, and positive PF4 antibodies after exposure
to the COVID-19 vaccine are likely to be having
VITT.”” Further evaluation of the patient with com-
plete blood count, peripheral smear, and D-dimer
and fibrinogen levels along with imaging assess-
ment of thrombosis is also imperative. As the likely
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mechanism of thrombosis is immune-mediated
damage, intravenous immunoglobulin (IVIg) and
steroids are recommended as the first line of man-
agement. It is advisable to avoid heparin and
heparin-related anticoagulants as well as platelet
transfusions, as they can further precipitate throm-
bosis. Nonheparin anticoagulants like argatroban
are preferable. In the current study, a significant
proportion of patients with thrombosis after vacci-
nation were treated with UFH/LMWH, whereas
others received argatroban and fondaparinux. Ste-
roids and IVIg were also used in acute settings.
Despite prompt recognition and early management,
a significant proportion of patients can develop
disseminated intravascular coagulation (DIC) lead-
ing to widespread thrombosis and bleeding at the
same time, resulting in mortality. In the current
cohort of patients, 19 patients were reported to
have DIC after COVID-19 vaccination. Thus, early
recognition and management are key determinants
of outcome in these patients.

Despite the incidence of thromboembolic events
noted after COVID-19 vaccination, the benefits
associated with vaccination are many folds higher
than the risk. Moreover, the risk of developing
thrombotic events after COVID-19 vaccination is
almost similar to the risk of thrombosis in the gen-
eral population. Therefore, administration of
COVID-19 vaccines should not be hampered due
to the minimal risk of thromboembolism, mainly
associated with the AstraZeneca vaccine. Under-
standing the related complications associated with
vaccination is important to effectively manage these
events in the small cohort. Development of immu-
nity among the general population is the need of
the hour and seems to be the only way to curb
and control this ongoing COVID-19 pandemic.

The current study has inherent limitations.
Firstly, there is lack of hard evidence to suggest the
causal relationship between vaccination and throm-
boembolic events. However, the temporal associa-
tion between the 2 events along with lack of pre-
existing thromboembolic risk factors in these pa-
tients makes the association likely. So, the results
of our study should be interpreted with caution.
Secondly, the data extracted are predominantly
from sporadic case reports and case series. This pre-
vents the generalization of the current findings to
the entire community. Thirdly, the majority of
data reported are from Europe and America,
whereas there is a paucity of data from other regions
of the world. Whether this is due to lack of reporting
of adverse events from other regions or actual ethnic
differences exist needs to be evaluated. Also, data
regarding adverse events after administration of
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the mRNA vaccine are sparse. Long-term follow-up
studies are required to evaluate adverse effects after
mRNA vaccines, if any. Lastly, the WHO VigiBase
was not included in the current study as it had a
huge data set which was likely to skew the results.
Moreover, data about individual cases were not pro-
vided. It is possible that many cases, which were re-
ported only to WHO VigiBase and not published
elsewhere, were missed in the current analysis. Tak-
ing into context all these factors, we believe that the
benefits of COVID-19 vaccination definitely
outweigh the minor risks associated with it. Howev-
er, it is equally important to understand and study
the complications which can be associated with
these vaccines to enable the clinicians manage
them effectively.

CONCLUSION

Thromboembolic events can occur after COVID-19
vaccination, most commonly after AstraZeneca vac-
cine administration. Cerebral venous thrombosis is
the most common presentation noted among re-
ported thromboembolism cases. Prompt recognition
and early initiation of therapy hold the key to manage
this uncommon adverse effect of COVID-19
vaccination.
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Appendix

Thromboembolism after COVID-19 vaccine

Supplementary Table 1. Baseline details of studies selected for final analysis

20.el

Number of Duration post
Date of Region of  thrombotic Age Covid-19  vaccination

SL No. publication First Author Type of study study events (years) vaccine (days)
1. 19/05/21  Gras-Champel et al.?> Retrospective France 27 53.4 AZ 11
2. 16/04/21  Scully et al."’ Retrospective UK 22 46 AZ 12
3. 09/04/21  Schultz et al.** Retrospective Norway 5 40.8 AZ 8.4
4. 09/04/21  Greinacher et al.” Retrospective  Germany 11 36 AZ 9.3
5. 25/05/21 Ryan et al.”’ Retrospective Ireland 1 35 AZ 14
6. 20/04/21  Blauenfeldt et al.?! Retrospective Denmark 1 60 AZ 7
7. 22/05/21  Graf et al.® Retrospective ~ Germany 1 29 AZ 14
8. 20/05/21  Althaus et al.” Retrospective  Germany 8 40 AZ 10.4
9. 10/05/21  Ciccone et al.'” Retrospective Italy 11 47.9  AZ/PZ 9
10. 04/05/21  Yocum et al."”’ Retrospective  USA 1 62 J&J 37
11. 10/05/21  Tajstra et al.'” Retrospective  USA 1 86 PZ 1
12. 30/04/21  Shay et al.”” Retrospective USA 3 45 J&J 9
13. 05/05/21  Pottegard et al.>* Retrospective Denmark 142 NA AZ NA
14. 30/04/21  See et al.'® Retrospective  USA 12 35 J&J 8.8
15. 09/04/21  Tobaiqy et al.*® Retrospective  Europe 28 77.5 AZ NA
16. 10/04/21  Wolf et al."’ Retrospective  Germany 3 35 AZ 6
17. 11/04/21  D’agostino et al.'® Retrospective TItaly 1 54 AZ 12
18. 28/04/21  Tiede et al."! Retrospective Germany 5 55 AZ 8.4
19. 01/05/21  Bayas et al."? Retrospective  Germany 1 55 AZ 10
20. 20/04/21  Mehta et al.** Retrospective UK 2 29 AZ 7.5
AZ, Astra Zeneca vaccine, J&J, Johnson and Johnson vaccine, PZ, Pfizer mRNA vaccine.
Supplementary Table 2. Incidence and location of thrombotic events in individual studies

Covid-19 Peripheral Splanchnic
SL No. First Author vaccine MI Stroke thrombosis PTE DVT CST thrombosis
1. Gras-Champel et al.”>  AZ 0 0 NA 0 NA 11 17
2. Scully et al.'” AZ 1 2 NA 4 1 13 2
3. Schuliz et al.** AZ 0 0 NA 0 NA 4 1
4. Greinacher et al.” AZ 0 0 0 3 1 9 3
5. Ryan et al.*’ AZ 0 0 0 0 0 0 0
6. Blauenfeldt et al.”’ AZ 0 1 1 0 0 0 0
7. Graf et al.® AZ 0 0 0 0 0 1 1
8. Althaus et al.” AZ 0 0 0 3 1 5 0
9. Ciccone et al.'’ AZ/PZ 0 0 0 3 1 11 5
10. Yocum et al."’ J&J 0 0 0 0 0 0 0
11. Tajstra et al.* PZ 1 0 0 0 0 0 0
12. Shay et al."” J&J 0 0 1 1 2 0 1
13. Pottegard et al.?? AZ 52 16 0 21 22 7 5
14. See et al.'’ J&J NA  NA NA 3 3 12 2
15. Tobaiqy et al.** AZ 0 0 0 6 18 1 0
16. Wolf et al."’ AZ 0 0 0 0 0 3 0
17. D’agostino et al.'® AZ 1 0 0 1 0 1 1
18. Tiede et al."' AZ 0 2 1 1 0 1 1
19. Bayas et al.'? AZ 0 1 0 0 0 0 0
20. Mehta et al.”’ AZ 0 0 0 0 0 2 0
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